Introduction
The strong impact of business cycles on unemployment is a Spanish particular feature. The high increase in unemployment during the current economic downturn is a clear example of this great variability of the unemployment rate. Since 2008 and in just six years the unemployment rate has more than tripled, accounting in 2013 for 26% of the working population. However, this phenomenon is not confined to recession periods. Before this economic crisis, Spanish economy had experienced a continuous growth reducing unemployment rates from 20% of the labour force population to levels slightly above the European average. Nevertheless, unemployment sensitivity to Gross Domestic Product (GDP) shifts is not the same for all regions. Villaverde and Maza (2009) found that whereas in some regions a great unemployment response to changes in the economic cycle is observed, in others unemployment rate varies to a lesser extent. They attributed these differences to the unequal growth of productivity between regions. But, analysing the differences regarding the impact of GDP on unemployment for autonomous communities could be somehow misleading. It is important to consider regional units that are closer to local labour markets, as this is the territorial dimension that really matters to firms and workers. In fact, autonomous communities show great internal differences in the level of economic activity, diverse urbanization degree and lack of uniformity in the productivity level and productivity growth. In this regard, the provincial approach implies a thorough and rigorous analysis that provides more light to the patterns and differences in the unemployment sensitivity to economic variations. Still in the regional analysis, provincial approach situates us closer to the local level.
Therefore, the aim of this paper consists in analysing the differences between provinces in the unemployment response to GDP variations. In order to do so, we consider static and dynamic specifications to determine the relationship between the aforementioned variables for all Spanish provinces. Firstly, the static analysis is carried out by using the difference version of the Okun's law, whereas VAR techniques are used to perform the dynamic analysis. The analysis is complemented using panel and PVAR models in order to compare provincial results with the aggregate dynamics of unemployment and GDP.
Our results show that there are great differences between provinces regarding the unemployment sensitivity to variations in economic conditions. Both static and dynamic analysis suggest that provinces where economic activity is concentrated and southern provinces are those ones that suffer to a higher extent the impact of GDP shocks on unemployment.
This finding justifies resorting to a provincial approach as we also find that autonomous communities are not homogenous. So, one of the contributions of this paper concerns the need to consider a provincial approach when we analyse the Spanish labour market from a regional perspective. It has not been carried out previously in studies examining Okun's law for Spain. This new scope of analysis offers interesting results that should be taken into account when economic policies are defined. The second contribution consists in performing a dynamic analysis of the Okun's law through VAR and PVAR techniques, which have not been applied at the Spanish provincial level yet.
The rest of the paper is organized as follows. In section 2, we briefly gather the contributions to Okun's law, including specific analysis for Spain.. In section 3, we describe the methodology that we undertake and section 4 presents the main results that we obtain. Finally, section 5 concludes.
Literature review

General overview
The relationship between economic activity and unemployment has been traditionally analysed by using the different specifications of Okun's law. 1 Okun (1962) formulated the well-known rule of a thumb that assigns approximately a 3 percentage -point of GDP decrease to a 1 percentage -point of unemployment rate increase. Since then, it has been the focus of discussion and analysis. Many authors have submitted it to transformations in order to modify certain theoretical foundations and to achieve a more accurate statistical fit. Furthermore, it has been applied to different economic contexts. It is worth noting the work of Gordon (1984) , Evans (1989) , Prachowny (1993) , Weber (1995) , Attfield and Silverstone (1997), Knotek (2007) , Owyang and Sekhposyan (2012) and Perman et. al. (2014) , among others.
The different authors have defined both static and dynamic specifications of the aforementioned empirical relationship. For instance, Evans (1989) considered three lagged periods in order to observe how past variations in Gross National Product (GNP) and unemployment influenced quarterly values of these variables. He applied a bivariate approach and obtained instantaneous causality and a significant long run relationship between GNP and unemployment rate.
Economists have also analysed the relationship between GDP and unemployment rate in two additional directions. First, whereas Okun seminal study considered unemployment as the exogenous variable, other relevant analysis placed it endogenously. Thus, Okun's coefficient comparisons between both kinds of studies turn out worthless. Second, another transformation undergone by the empirical relationship has consisted in introducing new variables in the original formula. For instance, Gordon (1984) introduced as explanatory variables the changes in capital and technology regarding their potential level, besides unemployment variations. Prachowny (1993) considered labour supply, workers weekly hours and capacity utilization deviations from the equilibrium additionally.
All these transformations have contributed to the fact that there is no consensus about the value of the Okun's coefficient. Some authors have confirmed the value initially presented by Okun. Others obtained that the magnitude of the impact of business cycle on unemployment is closer to two instead of three. Finally, there are analyses that show that the Okun's coefficient varies over the period selected and among the countries considered. Weber (1995) analysed the U.S. economy during the period 1948-1988 and obtained that the long-term coefficient was close to three. However, he acknowledged there was a breakdown in the third quarter of 1973. In the same line, more recent studies such as Knotek (2007) and Owyang and Sekhposyan (2012) considered this empirical relationship is a good approximation in the long term, but they showed the coefficient has not been kept stable over the time.
In this regard, Perman et. al. (2014) conducted a meta-analysis to obtain the "true value" of the Okun's law coefficient. In order to do so, they used a sample of 269 estimates. Among these, they discarded those ones that did not fulfil the pre-established requirements and distinguished between the analyses that considered changes in GDP as the independent variable and the studies that considered unemployment variations exogenously. They quantified the impact of unemployment rate on GDP in -1.02 points.
This value is far away from the three points -coefficient and make obvious that the period and countries selected matters. In the same vein, Lee (2000) acknowledged that
Okun's law could be considered valid qualitatively, but not quantitatively. He selected 16 OECD countries to observe if the so -called rule of thumb holds. Lee obtained that, although all countries present a negative relationship between GDP and unemployment, the coefficient that relates these variables varies significantly across countries. Moosa (1997) , who considered the G7 countries, had previously obtained the same result.
Therefore, the fact that a significant negative relationship between unemployment and GDP could be accepted for almost all countries and for any period is an interesting empirical result. However, the coefficient divergence across countries and over time is one of the most important criticisms 2 .
From the national to the regional perspective
The main criticism of Okun's law, based on the divergence in its coefficient, has become a tool to compare the labour market performance in the different countries and regions. The regional analysis further allows isolating the impact of labour market institutions. For this reason, many authors have figured out the patterns of unemployment and business cycle by region as well as their relationship to determine the appropriate economic policies to apply.
One of the first authors to apply the Okun's law at regional level was Freeman (2000) . He applied it to eight U.S. areas and obtained, unlike the studies that we mention later, a similar and stable coefficient for all regions. This result shows a high flexibility in the U.S. labour market that favours regional convergence in the unemployment rates. However, Adanu (2005) did not get this level of convergence among Canadian provinces. Moreover, he obtained that the law did not hold for three of the ten provinces analysed. Adanu analysed how unemployment affects GDP during the 1981-2001 period for the Canadian provinces and observed GDP highly varies in the most industrialized provinces when changes in labour occur. This is mainly due to productive jobs are in a greater extent in industrialized provinces.
In European countries, Okun's law holds at national level but when regions are analysed, some authors obtain that variations in business cycle do not always explain the changes in the unemployment rate. Binet and Facchini (2013) applied the relationship to the twenty-two French regions and obtained it is significant for only fourteen of them. They show it is due to high unemployment rates coexist in some regions with above average per capita GDP levels. According to the authors, such situation out of equilibrium is partly a result of a rapid growth of working-age population that has not been absorbed by an employment increase. Also, the great percentage of public sector employment in the regions where the Okun's law does not hold hampers the adjustment to equilibrium.
Lack of significance of Okun's law is even more extended in the Greek regions.
Christopoulos (2004) applied a similar analysis to Greek regions and obtained that only six of thirteen have a significant relationship between unemployment and the business cycle. Moreover, the coefficients point out much higher unemployment sensitivity to GDP variations than in North America. Contrarily to Canadian provinces, most industrialized regions in Greece do not show a significant relationship between unemployment and GDP, probably due to hysteresis in unemployment.
The specific case of Spain
The Spanish economy has been characterized by a strong impact of business cycles on unemployment since 1975. In fact, unemployment rate has experienced an upward trend that has only undergone two breakdowns during 1986-1991 and 1995-2007 expansion periods. This unemployment uptrend cannot be justified by the moderate increase in the labour force participation at the national level.
The economic depression, which affected Spanish economy since 1975, was mainly attributable to the great instability that took place during the transition to democracy, the shocks produced in the industry as a result of the delayed effect of the oil price increase and the social measures that partly geared to augment wages. As a consequence, in 1985 unemployment rate reached 21.4% and only 47% of the population was occupied. But, in 1986, the entry into the European Union caused a widespread optimism that affected the economy and led to a fall in the unemployment rate. This lasted until 1991, when a generalised recession affected the Spanish economy.
The cycle change came again in 1995 when labour law reforms favoured wage moderation and boosted temporary jobs. A fuelled housing sector development, favoured by low interest rates after the euro adoption, promoted the economic growth and the convergence to the European levels of unemployment occurred. In 2007, whereas the average unemployment rate was around 7% in Europe, in Spain it was at 8%. This degree of unemployment rate variation illustrates the strong impact that GDP has on unemployment in Spain, resulting in a greater Okun's coefficient for this country than for most OECD ones. Since 2007, the bursting of the housing bubble triggered an unprecedented recession and in three years, an increase in the unemployment rate of nearly 12 percentage points occurred. This unemployment increase was accompanied by only a 7.8 percentage -point GDP drop, which reinforces the assumption of the high unemployment variability in Spain.
On the other hand, labour force participation has seemed to be alien to these cycles. It maintained a growing trend that just stalled during 1991-1996 period. This is illustrated by Jimeno and Bentolila (1998) , who acknowledge that changes in the Spanish economy have been reflected in the unemployment rate. They also consider this Spanish feature is not commonly observed in the U.S. and most European countries.
There, shocks have a greater impact on migration flows and participation respectively.
But, this is not the whole story. National data do not pick up the great diversity that Spanish regions show. There are large disparities between regions in terms of the unemployment rate and unemployment elasticity to business cycles. This is shown by Pérez, et. al. (2002) and Amarelo (2013) . They analysed the cases of Andalusia and Catalonia respectively and compared them with the Spanish results. Pérez, et. al. (2002) obtained for Andalusia a lower unemployment variability to business cycles during the 1984-2000 period than it was obtained for Spain, although when the employment rate was taken into account instead unemployment rate, they cannot find significant differences from the Spanish value. Meanwhile, Amarelo (2013) observed that unemployment variability in Catalonia was higher than that obtained for Spain. Maza (2007, 2009) , who observed the Okun's law for all Spanish regions, attributed the differences between regions to the productivity growth. They obtained neither development degree nor spatial patterns can explain these differences.
Data sources and methodology
Data sources and variable definition
The analysis of the effect of the output variation on the unemployment rate requires three macroeconomic data sets: real GDP, unemployment and labour force participation data. The analysis is carried out annually at provincial level and the period we focus is spanning between 1985 and 2011. The selected period allows us to consider the entry of Spain into the European Union and the industrial reconversion, which took place right after this event, the creation of the welfare state, the economic expansion, partly dependent on an oversized housing sector, and the recent crisis that began in 2008 and still persists. Meanwhile, province as the unit of analysis implies a thorough study that specifically takes into account each area weaknesses and allows defining individual policies that will have greater impact. The number of selected Spanish provinces for the analysis is 50, excluding Ceuta and Melilla. The information has been taken out from the Spanish National Institute of Statistics (INE). We resort to the Contabilidad Regional de España CRE (Spanish Regional Accounts) to obtain nominal GDP by province and the Índice de Precios al Consumo IPC (Consumer Price Index CPI) data set to deflate nominal output and obtain a proxied measure of real GDP. Using CPI as GDP deflator is a consequence of the GDP deflator lack of data at the provincial level for part of the considered period. INE only supplies information about rates of variation of real GDP by region, hence provincial CPI becomes the most suitable indicator to remove the effect of prices in the output. Furthermore, unemployment and labour force participation information, which is required to draw up the unemployment rate, is provided by the Encuesta de Población Activa EPA (Labour Force Survey). year basis and we have to homogenize it taking 2011 as the year basis. Moreover, CPI is only available for provinces after 1993 and we use the index for the provincial capitals in the previous years. Meanwhile, occupation and participation data are furnished according to different criteria based on the time when information was collected. In this case, we follow De la Fuente (2012), who makes the required adjustments in order to link the 1976-1995 and 1996-2004 
Methodology
The analysis of the relationship between output and unemployment requires checking that series are stationary as a first step. Firstly, we do it for every province and afterwards, we aggregate all provincial series in a panel that is tested by the panel unit root tests we mention later. Then, we estimate the relationship between GDP and unemployment. We use the difference version of the Okun's law and estimate it by using Ordinary Least Squares (OLS) and Fixed Effect (FE) for provinces and the panel respectively. Finally, we perform a dynamic analysis by using VAR and PVAR techniques.
Unit Root Testing
Unit root testing is a necessary procedure before estimating. It allows us to know whether the processes generated are stationary and, therefore, the obtained results are not spurious and have economic sense. Augmented Dickey-Fuller (ADF) and the Philips-Perron (PP) are some of the most applied tests. In both, the null hypothesis assumes that series are generated by integrated processes whereas the alternative establishes the series are stationary. The difference between them is in the way the serial correlation problem is dealt. Whereas ADF introduces additional lags as regressors of the variable that is susceptible to present a certain autocorrelation degree, PP makes a non-parametric correction of the t-test statistic, i.e., PP test uses Newey-West (1987) standard errors to account for serial correlation. ADF test obtain better results for finite samples, but PP is robust to heteroskedasticity and unspecified autocorrelation.
However, these traditional unit root tests do not consider the existence of structural breaks in the series. So, the presence of structural breaks would provoke that ADF and PP tests tend to have low power. Glynn et. al. (2007) establish that structural breaks generate a bias in ADF and PP tests that reduces their ability to reject a false unit root hypothesis. Perron (1989) was the first author to mention this and he developed a procedure based on the ADF test that accounted for only one exogenous break. His analysis broke with the idea proposed by Nelson and Plosser (1982) , who stated random shocks were not transitory and did have permanent effect in the economies. However, the Perron procedure is severely criticised by many economists. Some of them are Christiano (1992) , who established that a pre-test analysis of the data could lead to bias in the unit root test or Zivot and Andrews (1992) , who proposed an endogenous determination of the break to reduce this bias. The Zivot-Andrews test allows for a structural break, which is registered the time period in which ADF t-statistic is the minimum. Later versions, such as Perron and Vogelsang (1992) distinguish between additive and innovative outliers. Clemente, Montañés and Reyes (1998) contemplate this break distinction, but they go further and consider the existence of two breaks. In our study, we conduct the ADF and PP traditional tests but we also apply Zivot- After conducting individual unit root tests, panel-data unit root tests are applied in order to complete our analysis and get an overall view of the GDP and the unemployment rate of the Spanish provinces. They give additional information and increase the value of unit root tests based on single series. There is some literature about them and many attempts to remove cross-sectional dependence such as Pesaran (2007), Moon and Perron (2004) , Maddala and Wu (1999) , Levin-Lin (2002) and Im- Pesaran-Shin (2003) . In our work we apply the Fisher-type, Levin Lin Chu, Im Pesaran Shin and Hadri LM tests. In the first three tests, the null hypothesis considers the presence of unit roots in, at least, one of the series that form the panel and stationarity is assumed under the alternative hypothesis. Otherwise, Hadri LM test considers in its null hypothesis that the series are generated by stationary processes. Hadri test is an extension of Kwiatkowski et. al.(1992) tests for panel data and it provides us added value due to, as Hadri (1999) acknowledges, by testing both the unit root and the stationary hypothesis we are able to make a distinction between the stationary series, the series that have unit roots and those ones for which we are not sure if they are stationary or integrated.
In all the tests the lag length 4 is chosen according to Österholm (2004), who selects the maximum number of lags from the individual tests. The maximum significant number of lags obtained in the individual ADF test is that we use to determine the lag length for the panel unit root tests.
Okun's law specifications
Once we know that the series that we are working with are stationary, we can figure out the relationship between GDP and unemployment variables and then analyse their dynamics.
In order to observe the relationship that the aforementioned variables maintain, we resort to the difference version of the Okun's law.
where u t -u t-1 represents the difference between unemployment rates in periods t and t-1, y t -y t-1 is the variation of the GDP natural logarithm that takes place between t and t-1 periods. This specification is considered in our analysis due to the unobservability of the potential magnitudes of the variables taken into account, which are considered in the gap version. In addition, the large variability in the unemployment rate observed for Spain and many of its provinces over the selected period makes our specification becomes more accurate than the gap approach. The estimation of the coefficient of provincial series is performed by using the Ordinary Least Squares method (OLS) method, while the panel that integrates all provinces requires estimating by fixed effects (FE).
The dynamic behaviour of economic growth and unemployment rate variation is analysed through the VAR and PVAR techniques. It allows us to consider the effect that past values of both variables have on each of them. We can write VAR representation as follows:
where Δu t and Δy t represents respectively unemployment rate and GDP natural includes all provincial series requires the PVAR technique 5 . The lag order selected in these dynamic analyses is one because we work with annual data and we expect that the variables considered keep some correlation with the same variable lagged one period.
The AIC and BIC criteria also obtain that considering one lag in the VAR analysis is optimal for most series.
After performing the estimation, Impulse Response Functions (IRFs) associated
show the response of both variables to shocks in any of them. We obtain them for all the provinces by orthogonalising the variables.
Empirical results
The Spanish unemployment rate has experienced a great variability relative to variations in GDP. The crises have resulted in large increases in unemployment, while economic expansions have also meant higher falls in the unemployment rate than initial statement of the Okun's law forecasted. Provinces have suffered differently the unemployment sensitivity to GDP variations. In this section, we explore the Okun's relationship for all provinces and the panel to detect the unemployment behaviour regarding output fluctuations and their dynamics. In order to do so, we firstly conduct the tests that prove the stationarity of the series employed and then we perform the static and dynamic analyses to estimate the aforementioned empirical relationship.
Results of unit root tests
Before estimating the relationship between unemployment and output for Spain and its provinces, we must make the necessary checks regarding the stationarity of the series. We conduct two types of tests over the variables in levels 6 and first differences.
ADF and PP traditional tests are applied, but also Zivot-Andrews and Clemente-Montañés-Reyes, which consider structural breaks. Results from ADF and PP tests over variables in first differences are shown in Table 2 . In this table, we can observe the model that we consider, which is individually chosen, and the statistic value of the test, that allow us to accept or reject the null hypothesis.
TABLE 2
In the light of the results, both tests mainly lead to reject the null hypothesis of presence of unit roots in the first differenced series at the conventional levels of significance.
When we test the first differenced unemployment rate variable, only for 1 province we found that any of tests cannot reject the null hypothesis of presence of unit roots. In the case of GDP, in 14 of 50 provinces both tests find problems to reject the null hypothesis. But these exceptions may be due to the presence of structural breaks in the series that are not detected by ADF and PP tests. We apply Zivot-Andrews and Clemente-Montañés-Reyes tests in order to check whether the results remain the same or, in opposite, change when structural breaks are taken into account. Tables 3 and 4 show the results of Zivot-Andrews and Clemente-Montañés-Reyes tests for the variables in first differences. According to these results, unemployment rate and GDP provincial series are mostly stationary in first differences. This allows us estimating the relationship between the variables considered as in most of the literature.
TABLES 3 AND 4 6 Unit root tests of the variables in levels are available from the author on request.
As previously mentioned, we have also carried out panel unit root tests. Results are shown in Table 5 and confirm the results obtained for provincial series: unit root processes are found in the levels of the variables while we cannot reject stationarity in first differences. In particular, the Levin Lin Chu, Im Pesaran Shin and Fisher Type (conducted as an ADF test) tests reject the null hypothesis of unit root processes in the first differenced variables at 99% confidence level. Meanwhile, Hadri LM test cannot reject stationarity at any of the conventional confidence levels. 
Static analysis
In this section we estimate the relationship between GDP and unemployment.
We construct a first difference specification for the provinces and the panel that integrates all of them. The estimation of the provincial series is performed by the method of ordinary least squares (OLS) while the panel requires estimating by fixed effects (FE).
The results of the estimation of the Okun's relationship for the Spanish provinces and the provincial panel are shown in table 6. Coefficients point out the influence that a percentage point of GDP variation has on the rate of unemployment. We have ordered the provinces attending the value of this coefficient and we can observe the great differences between them. Whereas for some provinces such as Barcelona or Cádiz a percentage point of GDP variation is accompanied by a change in the opposite direction of the unemployment rate whose value is higher than 0.6, for Palencia, Cáceres or Guadalajara GDP shifts barely affect unemployment. The absolute value of the relationship coefficient does not reach 0.2 percentage points. This is a clear example of the divergence in the Spanish labour market. There are some provinces where unemployment highly responds to shifts in the economic activity, whereas some others show low variability or even not present any relationship. Map 1 shows that provinces that present greater unemployment sensitivity to GDP variation are the southern ones as well as the provinces where economic activity is concentrated. This distinction is because sensitivity to business cycles in these two groups of provinces is presumably due to different causes. Madrid, Barcelona, Valencia or Zaragoza are provinces where the respective autonomic capital is. Also, in these provinces large population is concentrated, they are mostly urban areas and show a high level of economic activity.
Whereas the south is a traditional depressed area where unemployment is accompanied by lack of economic activity. In the peninsular centre, with the exception of Madrid, and in the north of Spain is observed that employment remains much more stable. It is 
Dynamic analysis
The dynamic analysis allows us to observe the effect of economic growth shocks on unemployment, but also the impact of innovations in unemployment rate variation on GDP growth. However, as we did earlier in the static analysis, we mainly focus in the first issue. 7 Through the VAR technique, we observe for all provincial series the effect out the effect of GDP growth shocks on unemployment. We can observe that for all provinces the effect of shocks on unemployment is negative but the magnitude of these shocks and the persistence varies across provinces. In provinces such as Cádiz, Jaén or
Valencia the initial effect of the shock is very sharp, whereas in Barcelona, Madrid or Sevilla this initial effect is not so steep but the shock is more persistent. There are also provinces for which we cannot observe any impact on unemployment. This is the case of Albacete or Zamora, among others. As in the static analysis, we observe that provinces greatly differ in their unemployment response to economic shifts. In this case, the characteristics of the technique employed allow us to observe not only the effect of the shock in the period when it occurs, but also the impact that this shock has over time. Table 7 shows for the Spanish provinces the impact of these shocks in the period when they occur as well as the cumulative effect after 2, 4 and 6 periods. We have ordered the provinces attending the magnitude of impact of the shock. In the top of the table are the provinces for which the cumulative effect of the shock is higher at period 6. Again, we can draw that the GDP growth shocks have higher effect on both variables than the unemployment shocks. This is also observed in Table 8 , which shows the cumulative effect of shocks for the panel of provinces.
FIGURES 2 and 3   TABLE 8 However, the ordering of the variables in the VAR model could determine the results obtained with this methodology up to now. For this reason, and in order to check the robustness of previous results, we change the ordering of the variables. In other words, we want to know if the results obtained in Figure 1 differ from those ones obtained when we consider that economic growth shocks affect unemployment rate variation with a lag. The variables orthogonalization in the opposite direction than it was assumed before implies that shocks barely affect unemployment rate variation for 
Final remarks and future research
This paper has examined the empirical relationship between economic activity and the unemployment rate for the Spanish provinces. This analysis has been carried out considering static and dynamic specifications. Okun's law first difference version is used in order to perform the static analysis whereas VAR and PVAR methodology allow us to observe the effect that an innovation in the economic growth has on unemployment rate variation.
The main results obtained in this study indicate that the provincial analysis matters.
Our analysis provides further information than previous studies for Spain that considered the region as their geographical scope of analysis. We find that provinces within regions show a different response in the unemployment rate regarding GDP variations. Both static and dynamic analyses conclude that provinces that suffer in a higher extent the economic shocks on unemployment are those ones where economic activity is concentrated and some southern provinces. Meanwhile peninsular centre, excepting Madrid, is the geographical area where unemployment is the least affected by economic shifts.
From these results, we can assume that the North-South pattern and the degree of economic activity play a fundamental role in the unemployment sensitivity to changes in GDP. However, an analysis of determinants of the sensitivity of unemployment to variations in the economic activity would provide more light to this issue. Therefore, our research in the near future is going to focus on determining the influencing factors that provoke the unemployment sensitivity to GDP variations differ across Spanish provinces. -
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